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Experimental Procedures General Information
The 1 H (300 MHz) and 13 C NMR (75 MHz) spectroscopic data were recorded in CDCl3 using Me4Si (δ = 0 ppm) and the centerline of the triplet (δ = 77.1 ppm), respectively, as internal standards. Signal patterns are indicated as br s (broad singlet), s (singlet), d (doublet), t (triplet), q (quartet) and m (multiplet). Coupling constants (J) are given in Hertz (Hz). Chemical shifts of carbons are accompanied by minus (for C and CH2) and plus (for CH and CH3) signs of the attached proton test (APT) experiments. High-resolution mass spectroscopy (HRMS) was performed with a double-focusing mass spectrometer with an EI ionization mode. The solvents that were distilled prior to use were THF (from Na/benzophenone), Et2O (from Na/benzophenone) and CH2Cl2
(from CaH2). The reaction products were purified by chromatography on silica gel (Kanto, spherical silica gel 60N). Low reaction temperatures of −95 ~ -90 °C (abbreviated as -90 °C) and -105 °C were provided by mixing liquid N2 with hexane and with MeOH, respectively.
Synthesis of the trans stereoisomer: (E)-7-phenylhept-4-enoic acid (S2)
A mixture of aldehyde 1 (100 mg, 0.745 mmol), (EtO)2P(O)CH2CO2Et (233 mg, 1.04 mmol), and NaH (60 wt% in mineral oil, 39 mg, 0.97 mmol) in THF (2 mL) was stirred at rt for 30 min. The reaction was quenched by addition of H2O and the product was extracted with Et2O twice. To an ice-cold solution of the product in CH2Cl2
(1.5 mL) was added DIBAL (1.02 M in hexane, 1.6 mL, 1.64 mmol), and the solution was stirred at 0 °C for 2.5 h.
The reaction was quenched by adding 1 N HCl carefully, and the product was purified by chromatography on silica gel (hexane/EtOAc) to give (E)-5-phenylpent-2-en-1-ol (94 mg, 78% over 2 steps). The 1 H NMR spectrum was identical with that reported. S1
A mixture of the above alcohol (94 mg, 0.58 mmol), PPh3 (197 mg, 0.753 mmol) , and CBr4 (250 mg, 0.753 mmol) in CH2Cl2 (1.2 mL) was stirred at 0 °C for 90 min, and diluted with saturated NaHCO3. The product was extracted with CH2Cl2 and purified by chromatography on silica gel (hexane/EtOAc) to give bromide S1 (123 mg, 95%). The 1 H NMR spectrum was identical with that reported. S1b
A mixture of bromide S1 (98 mg, 0.44 mmol), diethyl malonate (58 mg, 0.36 mmol), and NaH (60 wt% in mineral oil, 15 mg, 0.38 mmol) in THF (0.7 mL) was stirred at rt for 2 h, and diluted with saturated NH4Cl. The product was extracted with EtOAc twice. A mixture of the product and LiOH·H2O (149 mg, 3.55 mmol) in THF 
S3
(1.5 mL), H2O (1.5 mL), and MeOH (0.7 mL) was stirred at rt for 30 min, and the aqueous solution was slightly acidified with 1 N HCl. The product was extracted with EtOAc three times. A solution of the product (diacid) in toluene (3 mL) was heated under reflux for 4 h and concentrated to give a residue, which was purified by chromatography on silica gel (hexane/EtOAc) to give acid S2 (40 mg, 54% over 3 steps): liquid; Rf 0.45 (CH2Cl2/MeOH 4:1); 1 H NMR (300 MHz, CDCl3) δ 2.26-2.44 (m, 6 H), 2.66 (t, J = 7.2 Hz, 2 H), 5.43 (dt, J = 15.3, 5.7 Hz, 1 H), 5.53 (dt, J = 15.3, 6.0 Hz, 1 H), 7.13-7.32 (m, 5 H); 13 C-APT NMR (75 MHz, CDCl3) δ 27.6 (-), 34.0 (-), 34.4 (-), 35.9 (-), 125.8 (+), 128.3 (+), 128.4 (+), 128.5 (+), 131.1 (+), 141.9 (-), 179.6 (-). The 1 H NMR and 13 C NMR spectra were identical with the reported data. S2
Wittig reactions using carboxy ylides
General procedure represented by the synthesis of (Z)-7-phenylhept-4-enoic acid (3)
The general procedure and characterization of 3 are also presented in ref. 17 of the text: To an ice-cold suspension of 2a (432 mg, 1.01 mmol, 2 equiv) in THF (5 mL) was added NaHMDS (1.0 M in THF, 1.0 mL, 1.0 mmol, 2 equiv). The mixture was stirred at 0 °C for 1 h and the resulting reddish-orange mixture was cooled to −95 ~ -90 °C (abbreviated as -90 °C) (realized by making a slushy mixture of hexane and liquid N2). A solution of aldehyde 1 (67 mg, 0.50 mmol, 1 equiv) in THF (1.5 mL) was added to the mixture dropwise. After 1 h, the mixture was warmed to 0 °C over 2 h before addition of saturated NH4Cl. The resulting mixture was extracted with Et2O three times. The combined extracts were dried over MgSO4 and concentrated to afford a residue, which was purified by chromatography on silica gel (hexane/EtOAc) to give olefin 3 (66 mg, 63%): Z/E 90:10; liquid; Note that candy-like phosphonium salts such as 2f and longer methylene salts were heated to viscous mass, which was transferred to a reaction flask quickly. After addition of THF and a solution of NaHMDS, the mixture was sonicated at 0 °C until the candy-like phosphonium salt caked in the flask was dissolved to allow smooth stirring. The mixture was stirred at 0 °C for total 1 h (after the addition of NaHMDS) and cooled to -90 °C before Following the general procedure, aldehyde 1 (67 mg, 0.50 mmol, 1 equiv), phosphonium salt 2b (404 mg, 1.01 mmol, 2 equiv), and NaHMDS (1.0 M in THF, 1.0 mL, 1.0 mmol, 2 equiv) in THF (5 mL) gave 6 (59 mg, 62%): 4, 32.6, 35.4, 120.9, 126.0, 128.4, 128.5, 132.7, 141.5, 178. 4, 26.4, 29.2, 33.4, 35.9, 125.8, 128.3, 128.5, 129.1, 130.0, 141.9, 180.3 . The 1 H and 13 C NMR spectra were consistent with the reported data, except for the aromatic protons. S4
(Z)-9-Phenylnon-6-enoic acid (8)
Following the general procedure, aldehyde 1 (67 mg, 0.50 mmol, 1 equiv), phosphonium salt 2d (476 mg, 1.04 mmol, 2 equiv), and NaHMDS (1.0 M in THF, 1.0 mL, 1.0 mmol, 2 equiv) in THF (5 mL) gave 8 (85 mg, 73%): 
S6
Procedure using a 1:1 ratio of 2g/NaHMDS: Following the general procedure, aldehyde 1 (35 mg, 0.25 mmol, 1 equiv), phosphonium salt 2g (265 mg, 0.531 mmol, 2 equiv), and NaHMDS (1.0 M in THF, 0.50 mL, 0.50 mmol, 2 equiv) in THF (2.8 mL) afforded 11 (3.3 mg, 5%).
Procedure using a 1:2 ratio of 2g/NaHMDS: The general procedure was modified by the use of phosphonium salt 2g and NaHMDS in a 1:2 ratio. In practice, aldehyde 1 (52 mg, 0.391 mmol, 1 equiv), phosphonium salt 2g
(390 mg, 0.781 mmol, 2 equiv), and NaHMDS (1.0 M in THF, 1.64 mL, 1.64 mmol, 4.2 equiv) in THF (3.5 mL) 
(Z)-13-Phenyltridec-10-enoic acid (12)
Procedure using a 1:1 ratio of 2h/NaHMDS: Following the general procedure, aldehyde 1 (36 mg, 0.265 mmol, 1 equiv), phosphonium salt 2h (280 mg, 0.545 mmol, 2 equiv), and NaHMDS (1.0 M in THF, 0.53 mL, 0.53 mmol, 2 equiv) in THF (2.8 mL) afforded 12 (3.7 mg, 5%).
Procedure using a 1:2 ratio of 2h/NaHMDS: The general procedure was modified by the use of phosphonium salt 2h and NaHMDS in a 1:2 ratio. In practice, Aldehyde 3 (34 mg, 0.25 mmol, 1 equiv), phosphonium salt 2h (261 mg, 0.50 mmol, 2 equiv), and NaHMDS (1.0 M in THF, 1.05 mL, 1.05 mmol, 4.2 equiv) in THF (2.5 mL) 
S7
Procedure using a 1:1 ratio of 2i/NaHMDS: Following the general procedure, aldehyde 1 (69 mg, 0.522 mmol, 1 equiv), phosphonium salt 2i (555 mg, 1.05 mmol, 2 equiv), and NaHMDS (1.0 M in THF, 1.0 mL, 1.0 mmol, 2 equiv) in THF (5 mL) afforded 13 (5 mg, 3%).
Procedure using a 1:2 ratio of 2i/NaHMDS: The general procedure was modified by the use of phosphonium salt 4i and NaHMDS in a 1:2 ratio. In practice, aldehyde 3 (67 mg, 0.50 mmol, 1 equiv), phosphonium salt 4i
(538 mg, 1.02 mmol, 2 equiv), and NaHMDS (1.0 M in THF, 2.1 mL, 2.1 mmol, 4.2 equiv) in THF (5 mL) gave Note that synthesis of 2j is described in the subsequent paper.
(Z)-8-Phenyloct-5-en-1-ol (18)
Following the general procedure, aldehyde 1 (67 mg, 0.50 mmol, 1 equiv), phosphonium salt 17 (433 mg, 1.01 mmol, 2 equiv), and NaHMDS (1.0 M in THF, 1.0 mL, 1.0 mmol, 2 equiv) in THF (4 mL) gave 18 (61 mg, 60%): 
(Z)-2-(2-(5-Phenylpent-2-en-1-yl)cyclopropyl)acetic acid (23)
The general procedure was modified by the use of phosphonium salt 22 and NaHMDS in a 1:2 ratio. Aldehyde 
